Correlating hypoxia with insulin secretion using a fluorescent hypoxia detection system.
A common obstacle to the survival of encapsulated tissue is oxygen insufficiency. This appears particularly true of encapsulated pancreatic β-cells. Our work investigates a fluorescent hypoxia detection system for early recognition of hypoxic stress in encapsulated pancreatic tissue. Murine insulinoma (MIN6) cells were engineered to produce a red fluorescent protein under the control of hypoxia-inducible-factor-1. Aggregates of these cells were encapsulated in poly(ethylene glycol) hydrogels at densities of 200,000, 600,000, and 1 million cells per capsule then incubated in either a 1% or 20% oxygen environment. Cell function was evaluated by daily measurement of glucose-stimulated insulin secretion. Encapsulated cells were also fluorescently imaged periodically over 72 h for expression of the marker signal. Results indicate that oxygen insufficiency severely impacts insulin release from MIN6 cells, and that large aggregates are especially vulnerable to oxygen limitations. Our marker was found to be successfully indicative of hypoxia and could be used as a predictor of subsequent insulin release. Further work will be required to fully characterize signal dynamics and to evaluate in vivo efficacy. The method presented here represents a unique and valuable approach to detecting hypoxic stress in living tissues which may prove useful to a variety of fields of biological research.